Racer pigeons (SR) shared this lack of an LDL receptor pathway and If LDL from normal and hypercholesterolemic pigeons were metabolized similarly. The amount of LDL bound, Internalized, and degraded by skin fibroblasts, embryo fibroblasts, and aortic smooth muscle cells from WC and SR pigeons were similar and averaged from 2% to 25% of that seen with monkey smooth muscle cells Incubated with the same LDL. LDL uptake by pigeon cells was due largely to nonspecific processes, while specific uptake predominated in monkey cells. A similar lack of specific uptake was obtained with LDL from normal and hypercholesterolemic pigeons. Sterol synthesis and HMG-CoA reductase activity were 10-to 35-fold higher In pigeon cells than In monkey cells Incubated in serum-contalnlng medium. LDL had little effect on cholesterol esterlficatlon and cholesteryl ester accumulation In pigeon cells. These results Indicate that despite major changes In the size and composition of LDL from hypercholesterolemic pigeons, this LDL, like normal pigeon and monkey LDL, was not metabolized by specific uptake processes by pigeon cells. Cells from both WC and SR pigeons lack a functional LDL receptor pathway. (Arteriosclerosis 6
W hite Cameau (WC) pigeons are susceptible to the development of naturally occurring and cholesterolaggravated aortic atherosclerosis, while the Show Racer (SR) breed of pigeon is resistant (for a recent review, see reference 1). This difference is not associated with differences in risk factors such as total plasma cholesterol concentration, blood pressure, or the distribution or composition of plasma lipoproteins. 2 ' 3 Evidence for genetic mediation of atherosclerosis susceptibility is seen by the fact that the F 2 generation from a cross between WC and SR pigeons shows an intermediate level of susceptibility. 1 Furthermore, by selection of breeding pairs, strains of WC pigeons (WC-2) have been produced that have enhanced susceptibility to cholesterol-aggravated atherosclerosis relative to random-bred WC. 4 Since these differences do not act through changes in known risk factors, the genetic predisposition to atherosclerosis in the pigeon may be mediated at the level of the arterial wall by quantitative or qualitative differences in certain metabolic parameters of the arterial wall cells. To explore this possibility, we have been studying the metabolism of low density lipoproteins (LDL) by pigeon aortic smooth muscle cells. Recently we have reported that aortic smooth muscle cells from WC pigeons lack a functional LDL receptor pathway 56 and thus have many similarities to human beings with familial hypercholesterolemia 7 and to Watanabe Heritable Hypertipidemic (WHHL) rabbits. 8 Since these previous studies were done only with cells from the atherosclerosis-susceptible WC pigeon, it was unclear whether the lack of a functional LDL receptor pathway played any role in the enhanced susceptibility to atherosclerosis of the WC breed.
The purpose of the current study was to determine if a similar lack of a functional LDL receptor pathway occurred in aortic smooth muscle cells from atherosclerosis-resistant SR pigeons. In addition, we evaluated the LDL receptor pathway in fibroblasts using adult and embryonic cells from the two breeds of pigeons and compared the metabolism of LDL from normal and hypercholesterolemic pigeons of both breeds. The comparison of metabolism of LDL from normal and hypercholesterolemic pigeons was of particular interest due to the differences in LDL size, composition and charge resulting from hypercholesterolemia. 2 Methods
Cell Cultures
The methods used for the Initiation and maintenance of cells in culture have been described previously for pigeon aortic smooth muscle cells, 9 monkey skin fibroblasts, 10 and aortic smooth muscle cells, 11 and skin fibroblasts from a human patient with the receptor-negative form of familial hypercholesterolemia. 12 Minor modifications in these procedures have been described recently. 5 ' 6 Fibroblasts were grown from explants of skin from the lateral surface of the breast of WC and SR pigeons 2 to 6 months of age. In addition, fibroblasts were grown from 16-to 17-day pigeon embryos. The pigeon embryos were minced with a scalpel and the explants were placed in tissue culture flasks and maintained in culture under conditions identical to those described for pigeon aortic smooth muscle cells. 5 Stock cultures of cells were maintained in 75 cm 2 flasks. For experiments, cells were removed from the flasks with trypsin-EDTA and plated into 60 mm tissue culture dishes at 2 to 5 x 10 s cells/dish for monkey cells and 5 x 10 5 cells/dish for pigeon cells. Prior to their use for experiments, cells were grown to near confluence in Eagle's Minimum Essential Medium supplemented as previously indicated 5 and containing either 10% fetal bovine serum (FBS) for pigeon cells or 10% calf serum for monkey cells.
In some experiments, cells were incubated for up to 48 hours prior to the addition of the test lipoproteins with medium in which the whole serum had been replaced by lipoprotein-deficient serum (LPDS) 11 at a level of 2.5 mg protein/ml.
Lipoproteins
LDL was isolated from the plasma of normal and hypercholesterolemic WC and SR pigeons and cynomolgus monkeys by the combined ultracentrifugal and agarose column chromatography procedure of Rudel et al. 13 as described previously. 14 Pigeons were fasted overnight before collection of blood for lipoprotein isolation. Normal pigeons consumed a cholesterol-free pelleted grain diet (Davis Complete Pigeon Ration, W. A. Davis Milling Co., High Point, North Carolina) and hypercholesterolemic pigeons ate the same diet to which cholesterol and lard were added to a final concentration of 0.5% cholesterol (wt/wt) and 10% lard (wt/wt). The normal and hypercholesterolemic diets consumed by cynomolgus monkeys have been described elsewhere. 14 The chemical composition 15 and the molecular size 18 of the pigeon LDL were determined, and the LDL was labeled with 1 2 5 I. 1 4 LDL was given a positive charge (cationized LDL) by reaction with N,N-dimethyl-1,3-propanediamine as described by Basu et al. 17 
Other Procedures
The binding, internalization, and degradation of 125 I-LDL was determined as described. 5 Briefly, surface-bound LDL was removed by incubation of the cells with trypsin. The remaining cell-associated 12S I was measured after digestion of the cells with 1N NaOH and was interpreted to represent 125 I-LDL that had been internalized. Degraded LDL was represented by trichloroacetic acid-soluble, noniodide 12S I isolated from the culture medium.
Sterol synthesis was measured after incubation of cells with 1-14 C-acetate for 17 or 24 hours. 6 ' 10 Activity of 3Bhydroxy-3-methylglutaryl coenzyme A reductase (HMG-CoA reductase) was assayed by a modification of the method of Brown et al. 18 as we have described previous-ly. 10 Cholesteryl ester formation was determined from the synthesis of cholesteryl 1-14 C-oleate 8 after incubation of the cells in the presence of 1-14 C-oleate for 24 hours. All results are expressed per mg cell protein based on the method of Lowry as modified by Kashyap et al. 19 using bovine serum albumin as the standard. Free and esterified cholesterol mass were quantified by gas-liquid chromatography. 15 All other chemicals and radioisotopes used in these studies were obtained as described elsewhere. 56 
Results
The binding, uptake, and degradation of 12S I-LDL from normal and hypercholesterolemic pigeons by pigeon and monkey smooth muscle cells is shown in Table 1 . Incubations were carried out after preincubation of cells for 48 hours with FBS medium for pigeon cells and with LPDS medium for monkey cells. As described previously, these are the conditions under which maximum LDL binding occurs for these cells. 5 Both normal and hypercholesterolemic pigeon LDL was bound (trypsin-releasable), internalized (cell-associated), and degraded to a greater extent by monkey cells than by either WC or SR cells. Depending on the particular cell line and type of LDL used, only 20% to 25% as much LDL was metabolized (sum of bound, internalized, and degraded) by pigeon cells as by monkey cells. For both monkey and pigeon cells, an average of only 52% as much hypercholesterolemic LDL protein was metabolized as compared to normal LDL.
To determine the extent to which LDL metabolism could be accounted for by specific uptake processes, we measured the metabolism of 125 I-LDL from normal WC pigeons in the presence and absence of a 20-fold excess of unlabeled hypercholesterolemic LDL using the same cell lines as shown in Table 1 . The results are shown in Table 2 . Previous studies using monkey smooth muscle cells have shown that monkey and pigeon LDL compete for binding to LDL receptors. 5 In this study, monkey LDL was also shown to be as effective as pigeon LDL as a competitor for binding of pigeon LDL with WC pigeon smooth muscle cells. Thus in order to conserve the available normal pigeon LDL, we used monkey LDL as the competitor. For monkey cells, more than 93% of the metabolism of 125 I pigeon LDL was accounted for by specific processes. This was true either in the presence or absence of the lysosomotropic agent, chbroquine. For both WC and SR pigeon cells, however, almost all of the LDL metabolized could be accounted for by nonspecific uptake at the 125 I-LDL concentrations used. Thus, SR smooth muscle cells appear to lack a functional LDL receptor pathway, as do WC smooth muscle cells. 5 In our previous studies with WC cells, we noted an unexpectedly high rate of degradation of LDL that could not be attributed to uptake by the LDL receptor pathway as evidenced by a lack of effect of chbroquine on degradation. 5 A similar high rate of degradation, relative to specific uptake of 125 I-LDL, was seen in this study as well ( Table 2) in both WC and SR smooth muscle cells. In these experiments, chloroquine did have some effect on degradation by pigeon cells but it was considerably less than for monkey cells. Since there was little specific uptake of LDL in the pigeon cells, the degradation that was observed probably resulted from both bulk phase uptake (this may have been sensitive to chloroquine) and, as suggested previously, 5 degradation occurring at the cell surface. In this study we made no attempt to separate these two potential mechanisms. LDL was isolated from normal and cholesterol-fed pigeons. The molecular weights of the LDL were as follows: normal WC and SR LDL, 3.3 x 10 6 ; hypercholesterolemlc WC LDL, 6.6 x 10 6 ; and hypercholesterolemic SR LDL, 10.3 x 10 6 . Cells were incubated for 24 hours at 37° C with 10 ^g protein/ml of the indicated 125 I-LDL. To maximize LDL binding (reference 5), monkey cells were incubated with LPDS-containing medium andpigeon cells with FBScontaining medium for 48 hours prior to their incubation with the 12S I-LDL. Incubations with 12 =I-LDL were carried out with LPDS medium for monkey cells and FBS medium for pigeon cells. Total 125 I-LDL metabolism is the sum of trypsin releasable, cell-associated, and degraded 1 To determine whether the lack of a functional LDL receptor pathway existed in other cell types from pigeons, we compared the metabolism of 125 I-LDL by skin fibroblasts with smooth muscle cells derived from the same WC and SR pigeons (Table 3 ). Monkey skin fibroblasts were included for comparison. As can be seen, skin fibroblasts from both WC and SR pigeons had patterns of LDL metabolism similar to pigeon smooth muscle cells. The total amount of LDL metabolized by pigeon cells relative to monkey skin fibroblasts ranged from 2% for SR fibroblasts to 13% for WC fibroblasts. These data are thus consistent with the lack of a functional LDL receptor pathway in pigeon skin fibroblasts, as well as smooth muscle cells.
Depletion of mammalian cells of cholesterol by incubation with LPDS results in an upregulation of LDL receptor activity and an enhancement of endogenous cholesterol synthesis. 18 We have shown previously that an opposite effect occurs if WC pigeon smooth muscle cells are incu- ND ND Cells were incubated as described in Table 1 prior to the addition of 12S I-LDL. The 12S I-LDL used for this experiment was from normal WC pigeons. Cells were incubated for 24 hours at 37° C with 10 /ig protein/ml of 125 I-LDL in the presence or absence of 200 /ig/ml of unlabeled hypercholesterolemic rhesus monkey LDL with or without 50 mM chloroquine (CLQ). Specific uptake of 125 I-LDL was calculated as the difference in 12S I-LDL metabolized in the absence of cold LDL vs that seen in the presence of cold LDL. Results are the mean of duplicate cultures. ND = none detected. Cells were incubated as described in Table 1 prior to the addition of 125 I-LDL. The LDL used in this experiment was from normal SR pigeons. Cells were incubated for 5 hours at 37° C in the presence of 15 ^tg LDL protein/ml. Total LDL metabolized was calculated as the sum of trypsin released, cell-associated and degraded 125 I-LDL. Results are the mean of triplicate cultures. Cells were incubated for 24 hours with medium containing either 10% fetal bovine serum (FBS) or 2.5 mg/ml llpoprotein-deficient serum (LPDS) as indicated. To measure LDL metabolism, cells were then incubated for an additional 5 hours at 37° C with 15 Mfl 126 I-LDL protein/ml added to the FBS medium (pigeon cells) or LPDS medium (monkey cells). The LDL was isolated from hypercholesterolemic WC pigeons. Total LDL metabolized was calculated as the sum of trypsin released, cell-associated, and degraded 125 I-LDL. Results are the mean of triplicate cultures. bated with LPDS. 56 In order to determine the effect of preincubation with LPDS on cells from the two breeds of pigeons, we incubated embryo flbroblasts from WC and SR pigeons for 24 or 48 hours with culture medium containing either FBS or LPDS and measured the metabolism of 12S I-LDL (Table 4 ). LDL metabolism was low in monkey skin fibroblasts incubated with FBS and increased markedly, as expected, after 24 hours of preincubation with LPDS. In contrast, LDL metabolism decreased in pigeon embryo fibroblasts from both WC and SR pigeons after incubation with LPDS.
Table 4. Effect of Prelncubatlon with Llpoproteln-Deflclent Serum on LDL Metabolism In Monkey and Pigeon Rbroblasts
A similar response was seen when sterol synthesis was measured ( Table 5 ). Sterol synthesis was low in monkey cells incubated in medium containing FBS, but increased nearly 15-fold when incubated for 48 hours with LDS. In contrast, pigeon fibroblasts and smooth muscle cells from both breeds had a high rate of sterol synthesis that decreased after incubation with LPDS. The reduction in sterol synthesis by LPDS in pigeon cells appeared to be mediated at the level of HMG-CoA reductase, the rate-limiting enzyme in sterol synthesis, since the changes in sterol synthesis shown in Table 5 were paralleled by changes in HMG-CoA reductase activity (Table 6 ). Cells were incubated in medium containing either 10% fetal bovine serum (FBS) or 2.5 mg/ml of lipoprotein-deficient serum (LPDS) as indicated. After 48 hours, fresh medium of the same kind was added along with 1-14 C-acetate. After an additional 24 hours (17 hours for embryo fibroblasts), the cells were harvested and synthesis of 14 C-sterols was determined. Results are the mean of triplicate cultures. Table 6 is the effect of LDL on HMG-CoA reductase activity in monkey and pigeon fibroblasts and in fibroblasts from a human patient with the receptor-negative form of familial hypercholesterolemia. 7 In normal monkey cells, there was the expected down-regulation of Cells were incubated for 48 hours with medium containing either 10% fetal bovine serum (FBS) or 2.5 mg/ml lipoproteln-defictent serum (LPDS) as Indicated. One group of celts was harvested for HMG-CoA reductase activity at the end of the preincubatlon phase ( -) . Another group of cells was incubated for 5 hours at 37°C with 100 ptg LDL protein/ml ( + ). The LDL was isolated from a group of hypercholesterolemic cynomolgus monkeys. After the 5hour incubation, these cells were harvested for HMG-CoA reductase activity. Results are the mean of duplicate cultures.
Table 5. Effect of Preincubation with Llpoproteln-Deflclent Serum on Sterol Synthesis In Pigeon Smooth Muscle Cells and Skin Fibroblasts

Also shown in
HMG-CoA reductase activity after incubation with LDL.
This was most evident in cells that had been preincubated with LPDS. In cells from the patient with familial hypercholesterolemia and pigeon cells, there was no down-regulation of HMG-CoA reductase activity as a result of incubation with LDL Instead, with one exception, there was a rather consistent increase in HMG-CoA reductase activity in these cells without LDL receptors when incubated with LDL These results are consistent with the conclusion that both WC and SR pigeon cells lack the ability to obtain cholesterol from LDL for regulation of intracellular cholesterol needs. Nevertheless, the intracellular components of the LDL receptor pathway are present in both WC and SR cells, since HMG-CoA reductase and cholesteryl ester formation can be regulated by oxygenated sterols such as 25-OH-cholesterol (Table 7) , as they can in mammalian cells. HMG-CoA reductase and cholesteryl ester formation also appear to be regulated by cholesterol, since cationized LDL, which is thought to stick to the plasma membranes and to be internalized by nonspecific processes, 1720 causes a marked increase in the free and esterified cholesterol content of pigeon cells, down-regulates HMG-CoA reductase activity, and stimulates cholesteryl ester formation.
Also shown in Table 7 is a decrease in the amount of cell protein per dish in pigeon cells incubated with 25-OHcholesterol plus LDL. This is similar to the effect of compactin, a competitive inhibitor of HMG-CoA reductase, on LDL receptor-defective human fibroblasts. 21 The inhibition of cellular cholesterol synthesis and the reduction in cell protein by pigeon cells treated with 25-OH-cholesterol in the presence of LDL Is consistent with the conclusion that pigeon cells, like human cells without an LDL receptor pathway, must rely exclusively on endogenously synthesized cholesterol. 21 We cannot eliminate the possibility, however, that the loss of cell proteins may also have been influenced by other toxic effects of 25-OH-cholesterol. To maximize LDL binding, cells were incubated as described in Table 1 prior to the treatments indicated above. Cells were incubated for 48 hours with the additions indicated under Treatment, added to LPDS medium for monkey cells and FBS medium for pigeon cells. Oleate-1 -14 C was added for the final 24 hours. The 25-OH-cholesterol was added to 2 ml culture medium in 20 MI ethanol at a final concentration of 5 nglm\. The addition of 20 /i\ of ethanol alone had no significant effect on the parameters measured when added to control cells. LDL was added at 100 /xg protein/ml and cationized LDL at 50 /ig protein/ml. Normocholesterolemic WC pigeon LDL was used. Results are the means of triplicate cultures and are expressed as HMG-CoA reductase activity (pmoles mevalonate formed/min/mg cell protein), ACAT activity (nmoles cholesteryl 1-14 C-oleate formed/24 hrs/mg cell protein), cholesterol content (^g/mg cell protein), and cell protein (/ig/60 mm dish).
Discussion
The results of this study demonstrate that the lack of a functional LDL receptor pathway shown previously in aortic smooth muscle cells from atherosclerosis-susceptible WC pigeons 5 ' 6 also exists for the atherosclerosis-resistant SR pigeon. Furthermore, this characteristic can be demonstrated in skin fibroblasts and embryo flbroblasts from WC and SR pigeons by using LDL from either normal or hypercholesterolemic WC or SR pigeons.
Based on the results of this and our previous studies, 5 ' 6 evidence for a lack of a functional LDL receptor pathway in pigeon cells can be summarized as follows. At low LDL concentrations, and over relatively short (3 to 5 hours) incubation periods, the metabolism of 125 I-LDL by pigeon cells occurs at a rate of less than 10% of that seen for cells with LDL receptors. At high LDL concentrations, or after incubations of longer duration (24 hours), larger amounts of 125 I-LDL can be metabolized by pigeon cells, but most of this metabolism is the result of nonspecific uptake and is not mediated by a specific LDL receptor pathway. Pigeon cells, like cells from humans with familial hypercholesterolemia, have high rates of sterol synthesis when incubated in medium containing whole serum or LDL. Upon incubation wtth LPDS, they fall to upregulate LDL binding and sterol synthesis as do cells with LDL receptors. In fact, preincubation of pigeon cells with LPDS consistently decreases binding of 125 I-LDL and sterol synthesis. This occurs without a net change in cellular cholesterol content relative to cells Incubated with fetal bovine serum. 5 Incubation of pigeon cells with LDL also has little effect on cholesterol esterification or cholesteryl ester accumulation. This is consistent with the interpretation that LDL is not taken up and does not function to deliver exogenous cholesterol to pigeon cells. Nevertheless, sterol synthesis and cholesteryl ester synthesis have the potential to be regulated in pigeon cells if sterols such as 25-OH-cholesterol are used or if the cellular cholesterol content is increased by nonreceptor-mediated mechanisms, as with cationized LDL. Thus, cholesterol synthesis and esterification can be regulated in pigeon cells by the same factors that have been described for mammalian cells with a functional LDL receptor pathway. 22 One possibility for the lack of expression of LDL receptors in pigeon cells is that the conditions in culture are not conducive for expression of the receptor due to deleterious effects of the type of serum used in the tissue culture medium. This does not appear to be the explanation for a number of reasons. First, in preliminary experiments we tested LPDS from FBS 8 as well as from pigeon serum and saw no differences relative to the calf serum LPDS used in this study. We have also maintained cells with culture medium containing pigeon serum and observed no major change in growth rate, cell viability, etc. relative to FBS. Whole hypercholesterolemic pigeon serum stimulated cholesteryl ester accumulation in monkey smooth muscle cells in culture but had no effect on pigeon smooth muscle cells, 9 suggesting that LDL receptors were not being expressed in the presence of pigeon serum.
LDL receptor expression in mammalian cells is stimulated during the log phase of growth relative to confluence. 23 Similar changes are seen when these cells are stimulated to proliferate by addition of platelet-derived growth factor. 24 Thus, it is possible that the failure to express LDL receptors by pigeon cells is related to their not being in the appropriate stage of growth. This also does not appear to be the case since pigeon cells grown in serum-containing medium maintain a high rate of sterol synthesis during both log-phase growth and at confluence, 8 suggesting that LDL receptors are not being expressed during any of the stages of the growth cycle. As a result, the failure to demonstrate a functional LDL receptor pathway in pigeon smooth muscle cells and skin fibroblasts does not appear to be the result of inappropriate culture conditions, but rather pigeons appear not to express LDL receptors in these tissues. This suggests that these tissues may derive their cholesterol from nonspecific processes, other lipoproteins such as HDL, or from local synthesis. If local cholesterol synthesis is involved, this might explain the need for the high concentrations of HDL normally found in pigeon serum (approximately 200 mg/dl). 2 The HDL might function to maintain cellular cholesterol homeostasis by promoting cholesterol efflux. This hypothess will have to be carefully tested, however, since the HDL present in pigeon serum is exclusively HDLj, and HDLj has been shown not to be an effective promotor of net cholesterol efflux from cells. 25 We also cannot exclude the possibility that other tissues from pigeons, such as liver, gonads, etc., may express LDL receptors.
When pigeons are fed a cholesterol-containing diet, they become grossly hypercholesterolemic and major quantitative and qualitative changes occur in their plasma lipoproteins. 1 ' 2 These changes include the appearance of a betamigrating very low density lipoprotein and an increase in the concentration of LDL that has a composition markedly different from normal pigeon LDL. These LDL contain more cholesteryl ester molecules per particle and, like the LDL from certain cholesterol-fed nonhuman primate species, 1626 are larger than normal LDL. As a result, It was important to determine whether these hypercholesterolemic LDL might bind to pigeon cells in a manner different from normal LDL. Based on LDL protein, and compared to normal LDL, approximately 50% less hypercholesterolemic pigeon LDL was bound and metabolized by pigeon and monkey cells. This decrease in metabolism of hypercholesterolemic LDL is due in part to a decreased proportion of protein per LDL particle. For example, with an average molecular size of normal LDL of 3 x 10 6 and of hypercholesterolemic WC LDL of 6.6 x 10 6 and SR LDL of 10.3 x 10 8 , the amount of LDL protein averages 22, 14 and 10%, respectively. 2 This cannot fully explain the difference in LDL metabolism, however, since calculation of the number of LDL particles metabolized indicates that about 25% fewer particles of hypercholesterolemic LDL are metabolized than normal LDL. Since a similar reduction in the metabolism of hypercholesterolemic LDL occurred in monkey and pigeon cells, this probably results from steric factors in which fewer of the large LDL particles can occupy a given area on the cell surface. A similar phenomenon has been described for the large molecular weight LDL from hypercholesterolemic rhesus monkeys relative to binding to LDL receptors. 14 ' ^ Alternatively, it may be that changes in the conformation of apolipoprotein B on the surface of the LDL from hypercholesterolemic animals alters the number of sites available for binding. This possibility seems unlikely, however, since a similar decrease in the amount of LDL metabolized occurred in cells with or without LDL receptors.
Hypercholesterolemic pigeon LDL, as we have shown previously for normal pigeon LDL, 5 is recognized by LDL receptors on mammalian cells. In this study, we did not systematically compare LDL from WC and SR pigeons, but in several experiments LDL from the two breeds were used without obvious differences. This is not surprising since the chemical composition, electrophoretic mobility, and apoproteins are virtually identical for LDL from the two breeds of pigeons. 2 Changes in cellular cholesterol metabolism have been demonstrated in arterial smooth muscle cells in culture from chickens infected with Marek's disease herpes virus. 28 Pigeons also harbor a herpes virus with many similarities to the Marek's disease virus. 29 ' M Thus, the possibility existed that differences in cholesterol synthesis and perhaps even the lack of LDL receptor function in pigeon cells could be the result of infection with the pigeon herpes virus. In chickens, infection with Marek's disease virus can lead to the development of atherosclerosis, 31 while the effect of pigeon herpes virus on atherosclerosis in pigeons is unknown. Infection with pigeon herpes virus occurs after the squab have hatched through contact with the infected parents, and embryo cells have been shown to be virusfree even when obtained from infected parents. 29 As a result, it is unlikely that the lack of a functional LDL receptor pathway and the high basal rate of cholesterol synthesis in pigeon smooth muscle cells and skin fibroblasts is secondary to infection by pigeon herpes virus since embryo fibroblasts also show these characteristics.
Since cells from WC and SR pigeons both lack a functional LDL receptor pathway, the difference in susceptibility to aortic atherosclerosis between these breeds of pigeons is not due to the presence of an LDL receptor pathway in one breed and its absence in the other. It is also clear from these studies, as it is for human beings with familial hypercholesterolemia 7 and for WHHL rabbits, 8 that atherosclerosis development does not require a functional LDL receptor pathway. This points out the importance of non-LDL receptor-mediated processes In the pathogenesis of atherosclerosis. Both WC and SR pigeons differ, however, from human beings and rabbits without LDL receptors in that normal pigeons have relatively low plasma LDL concentrations (approximately 50 mg LDL cholesterol/dl 2 ) compared with values as high as 400-800 mg/dl for some FH patients and WHHL rabbits. As a result, the pigeon provides a unique model with which to elucidate these LDL receptor-independent processes under conditions where there are not gross elevations in LDL concentrations. Understanding these factors may help to elucidate the biochemical basis of the difference in atherosclerosis susceptibility between the WC and SR breeds of pigeons.
